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The space robotics has been used in the space exploration for a long time. Its design and 
applications are developed based on the mission. The development of space robotics has been merged 
from orbiter to Lander and finally rover. Future space exploration missions will require much advanced 
robot technology, such as walking. Recently, there are some researches on the development of walking 
robot for exploring other planets and moons. Most of these robots are Hexapod robot designed with six 
legs or more than six in order to sustain high stability. However, having many legs requires a larger 
space for walking which might not be suitable for small working space or taking a sharp turn. To make 
an effective use of walking robot, reducing the number of legs could be a solution. Bipedal robots could 
have these advantages. Many bipedal walking robots are currently been developed for several 
applications. Currently, there are full size humanoid robots that are able to walking and perform several 
tasks like human. Therefore, developing humanoid bipedal robot for space exploration will help to 
conduct higher performance work on other planets and moons surface. However, there are some 
limitation and concerns about walking on such an environment. Those aspects include uneven surface, 
overcome obstacles, surface friction, different gravity, and other unknowns. Most of these concerns 
could be faced and examined on earth. One of the major aspects that might be faced is the effect of the 
gravity difference. Lower gravity will have a great effect on walking and it might even makes walking 
in very lower gravity almost impossible. Researches conducted about walking on low gravity show that 
switching from walking to running gait at a certain velocity could be an optimal solution. This was seen 
on the astronauts whom had walked on the moon, how they were jumping and using running gait to 
move around the surface. So far there is no bipedal walking robot capable to perform this task. 
Therefore, this PhD thesis is conducted for the study of robot locomotion on different planet’ and 
moons’ gravity. 
The objective of this research is to study and investigate a possible walking approach for bipedal 
robot locomotion on different levels’ of gravity. However, in case that walking gait is not possible for 
locomotion, the research also studies about possible performance of running gait. Moreover, method 
and techniques for locomotion gait control is introduced, how to switch the locomotion gait from 
walking to running gait or versa based on desired velocity. The thesis contents seven chapters in 
addition to the appendixes. 
Chapter 1 gives a brief background, research approach, and the object the research. The 
background contents history of space robotics from early and first space robot to the current technology. 
The research approach describes the limitations in the current space robotics for future space 
exploration and how to overcome these limitations. The major limitation that expected to be faced is 




gravity. Different gravity will affect the walking motion and it might be impossible to walk in case of 
low gravity. The solutions for these aspects lead to the purpose of the research. The approaches are 
studied and tested carefully through modeling and simulation, and the control method is proposed for 
such situations. 
Chapter 2 introduces the methodology of human locomotion gait. The understanding of human 
locomotion is key issue toward development of bipedal robot. Therefore, the human locomotion is 
carefully analyzed through modeling in order to get the theories and techniques behind it. The general 
method used for model the human locomotion is inverted pendulum for walking gait and spring mass 
system for running gait. 
Chapter 3 includes the method and techniques about walking gait locomotion. The techniques 
used for walking gait locomotion control are introduced in this chapter. One of the most used 
techniques is the Zero Moment Point method. It is described briefly and the effect of gravity on the 
walking gait is shown. Another method used for bipedal locomotion is the angular momentum. This 
method control the robot locomotion based on the total angular momentum and the rate of change of 
angular momentum. A third method used is the dynamic walking technique. This technique releases 
much on the body momentum. However, it is not used much due to difficulty for locomotion control 
although it considered being the most energy efficient method. The relationship between the walking 
velocity and gravity is introduced through the Froude number. It is a dimensionless ratio of centripetal 
force to gravitational force. Based on Froude number if the centripetal force exceeded the gravitational 
force the body will be lifted from the surface. Therefore, the maximum walking velocity in which 
locomotion will be switched from walking gait to running gait could be equivalent to a Froude number. 
The walking parameters that should be taken in to consideration in studying the effect of different 
gravity are velocity, step length, center of mass height, and angular momentum.  
In Chapter 4 the method and techniques for the running gait locomotion are introduced. Running 
gait is could be possible solution for locomotion on low gravity. Based on Froude number the walking 
velocity will decrease with the decrease of gravity. It would be difficult to achieve a walking velocity 
on very low gravity as same as the walking velocity on earth. Therefore, using running gait for 
locomotion would be a suitable solution. In the running gait the vertical displacement with respect to 
the step is slightly high compare to the walking gait. This vertical motion is perform based on a 
modeled virtual spring. This technique is the same technique used for jumping motion. Therefore, 
jumping motion method and control for biped robot is introduced in this chapter. For the forward 
motion it uses the ZMP method with angular momentum technique. Moreover, the control of the 




achieved used a locomotion gait control system. The locomotion gait is controlled based on the desired 
velocity. Based on the gravity and the robot structure the controller sets the suitable gait for 
locomotion. 
Chapter 5 check the internal body effects on the locomotion based on the gravity. The internal 
effects checked in this study are the body momentum, joints` torque and power. The locomotion on 
different gravity has a different behavior. Therefore, the internal parts of the body will have a different 
effect on the body motion. The locomotion could be disturbed by higher angular momentum or higher 
working power on the joints.  
Chapter 6 checks also some other effects on the locomotion but from external parts. Those 
external effects come from the surrounding environment such as ground friction, slop, and obstacles. 
The locomotion will have to deal with those effects differently based on the gravity. 
In chapter 7 a case study of biped humanoid robot locomotion on moon’s gravity is conducted. 
Future planes are set to send humanoid robots to the moon. Each robot has to move around the moon 
surface to perform one or several tasks. There are two approaches been examined for walking 
locomotion performance. The first approach is by using the same walking pattern that used for earth 
gravity. This requires longer control cycle time in order to decrease the velocity. The second approach 
is by generating walking pattern based on moon gravity. In this approach walking velocity is a little bite 
higher compare to the direct approach. However, due to the low gravity is which walking would be 
unstable, the robot will have to jump or use running gait to have a faster forward motion. Therefore, 
jumping motion is tested as one solution for fast locomotion on the moon gravity. 
Chapter 8 contains the conclusion of the thesis work including all the result evaluations and 
comments. Moreover, some explanations and purpose for future work based on the achievement of this 
thesis is included. 
In conclusion, the effects of different levels of gravity of the robot locomotion are studied and 
tested. The understanding the human locomotion gaits is an important issue toward a development of a 
bipedal robot locomotion system. The walking gait locomotion technique is developed. For the case on 
low gravity where walking gait could unstable, the running gait technique is developed. Moreover, the 
gait control system is introduced to control the locomotion based on velocity. Model and simulation 
plays a major role in developing advance robot system that plane to be used for future applications. 
Most of the results found in this research are made through dynamic simulation. This research gives the 
state of the art for bipedal robot motion behavior on different planets’ and moons’ gravity. The future 
planes for planetary exploration using bipedal humanoid robotics could be designed and developed 
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